Abstract
Introduction
The dominant method for the estimation of these values (i.e. VOT and VOR) is discrete choice analysis 23 typically within the Random Utility framework (22, 23, 24) . Generally, the data sources are stated prefer- 24 ence experiments, and revealed preference observations. The stated preference experiments present choice 25 scenarios with a variety of presentations (especially in the case of the value of travel time reliability) and 26 abstraction (based on real options vs. nondescript options) to travelers. The revealed preference observations 27 refer to actual choices done by travelers in the market (e.g. decisions in the current state of the transportation 28 system of the travelers). Both may also be combined in discrete choice analysis. In revealed preference 29 observations, travel times are experienced by the subjects, and they estimate the travel time through their 30 own cognitive mechanism of perception. This mechanism may be influenced by external sources (e.g. travel 31 information). In essence, there is a mismatch between travel time as reported by a traveler (subjective travel 32 time distribution) and travel time as measured from a device (e.g. loop detector; objective travel time distri-33 bution). It is reasonable that the relationship between subjective travel times and objective travel times may 34 expressed mathematically as: T s = T o + ξ. T s is a random variable associated with the probability density 35 given by the subjective travel time distribution. T o is a random variable associated with the probability den-36 sity given by the objective travel time distribution. ξ is the random perception error also associated with its Centrality-Dispersion framework for valuing travel time reliability; empirical evidence of the valuation of 23 travel time reliability using revealed preference data; and a selective summary of relevant results of travelers' 24 perception of travel time from the transportation research literature, and the psychology research literature.
25
References to further readings are provided for the benefit of the readers. 26 
Centrality-Dispersion

27
This theoretical framework is based on the notion that both the mean travel time, and its variance (or unreli-28 ability) are sources of disutilities for travelers. It was introduced to the transportation literature by (14) . The 29 formulation in a linear-additive form of the model is as follows:
Travelers minimize the sum of the two terms (i.e. objective function for an unspecified choice dimension): in travel demand analyses.
37
The γ parameters in equation (1) are usually estimated using discrete choice methods based on random 1 utility theory. In addition, a travel cost variable (γ 3 C) is added to the equation to allow the computation of 2 marginals rate of substitution such as the value of travel time savings (VOT), value of travel time reliability 3 (VOR), and the reliability ratio (RR). These are defined mathematically as,
Readers may refer to (21) for additional details. Centrality-Dispersion framework is used with the mean as the centrality measure, and the standard deviation 2 as the dispersion measure. Only reliability ratios are estimated. Furthermore, the data collected in (1, 2) is 3 also used in this study. This data is described in section 3. 
Perception of travel time
Psychologists have showed clear interest into the behavioral and cognitive mechanism of perception of time.
11
They have classified the perception of time into three main categories: subjective time passage (i.e. percep-tion of the speed that time passes); estimation of time duration; and simultaneity and succession of time.
13
The estimation of time duration is the most frequently studied category by psychologists, and thus it is better 14 understood. It is also the dimension of time perception that will be focus of this study, and it has been the indicates that high complexity leads to overestimation of the duration of time. In general, subjects that pro-29 cess more events during the time at hand will tend to overestimate as they will have more memories (41) .
30
Temporal expectancies refer to the accumulated previous experiences that allow the subject to generate an control over the environment, and the realism of the environment to the subjects. In the case of studies using simulators, (47, 48) study the travelers' preferences towards waiting times during and periodic surveys about three times per week to collect information with regards to their route preferences,
38
and route information (e.g. self reported travel times).
40
A total of approximately 97 subjects had usable complete day-to-day GPS data, and survey data. For this 41 study, only 39 subjects had the required data according to the subsequent Section 3.2. 
Methodology 2
The data analysis process can be divided in four phases:
Identification of commute trips per subject from GPS data on the bridges of interest (see Figure 1) ; 4 2. Matching of the commute trips from GPS data to the trips from periodic survey data; 4. Specification and estimation of econometric models using travel times from GPS and from survey 7 data.
8
The first phase uses the coordinates (latitude and longitude) of the trips per subject, and the TLG network events. Moreover, inaccurate points due to GPS "noise", and out-of-town trips (e.g. during Thanksgiving)
21
were excluded. Lastly, only the trips after September 18th are considered as this is the date the new I-35W
22
Bridge opened to the public at 5 AM.
24
The second phase is done by matching the dates of the commute trips from GPS data to the dates of commute 25 trips from survey data. The subjects completed the information of commute trips within the same day 26 that they took their trips. Thus, times of departure of the commute trips must be earlier than the time of 27 completing the periodic survey by the subjects. Furthermore, any trips that are not considered commute trips 28 according to the subjects in the survey data are excluded.
30
The third phase extracts usable information from the matched trips such as: statistics of travel time distri-31 bution of all trips (e.g. mean, standard deviation, and others used in the Centrality-Dispersion framework)
32
for each subject from GPS data and periodic survey data. This process is performed for both home to work 33 trips, and work to home trips.
35
The fourth phase is explained in section 4. In this study, the data set is analyzed through random utility models (22, 23, 24) . The data set is composed of 7 two observations per subject. There are 39 distinct subjects, and thus 78 observations (see section 3.1). Each 8 two observation per subject represent the consolidation of all the home to work trips, and all the work to home 9 trips of a subject. The set of home to work trips per subject, and the set of work to home trips per subject 10 allow to obtain travel time distributions for these same trips (see section 3.2) from GPS (objective travel time to work trips and the set of work to home trips are further disaggregated to two alternatives (or choices).
Descriptive statistics
19
The first alternative represents the most used bridge that belongs to the Interstate category, and the second 
Random utility models 2
The random utility models considered in this study can be formulated as binomial logits (22) The estimation of binomial logits are straightforward, and it is done by maximizing the loglikelihood, which Akiva and Lerman (24) . The models are estimated using STATA (51).
9
The likelihood for these binomial logit models is given by:
Where the γ kj variable is one for the chosen j alternative of the k decision-maker, and zero otherwise. 
Hypothesis testing
12
There are two hypothesis tests that are considered for the random utility models in this study. For the nested 13 models, the Wald tests are used as they only depend on the covariance matrix of the unrestricted models, and 14 do not require estimation of the restricted models. These tests are asymptotically equivalent to the likelihood 15 ratio tests. For the nonnested models, the Akaike information criterion (AIC), and Bayesian information 16 criterion (BIC) are used in order to compared the statistical fit of the binomial logits with travel times from 17 survey data to the binomial logits with travel times from GPS data. Furthermore, the confidence intervals for 18 the reliability ratio of the models are calculated using the Delta method. see (52, 53, 54) for more details. The additive linear in parameters systematic utility for the alternatives for all models is:
where 22
• T : Centrality measure of travel time 
Socio-demographic 3
These are extracted from the socio-demographic questions in the web-based surveys.
4
• Gender (1 = Male; 0 = Female). The first category is the base case. (2008 US dollars). It is a binary variable indicating whether the trip originates from home (1 = from home to work) or from 9 work (0 = from work to home).
Alternative specific constants
11
For these binomial logits, the alternative specific constant of the Interstate alternative is set to 0.
12 5 Discussion and results Table 2 presents the estimates of the random utility models (binomial logits) along with the reliability ratios, The reliability ratios in the models with self reported travel times are higher than 1, except for the Mean/DMP90.
13
27
The 95% confidence intervals of these models indicate that values greater than 1 are more plausible. In con- Lastly, the socio-demographic (e.g. income and gender), and type of work trip variables were not found statistically significant. Thus, the subjects were more influenced by the travel time measures in their choices.
This result agrees with the findings in (1) with the same data source, albeit not the exact same data set. identifying that subjects' perception of travel times has been found to be a significant factor in studies.
25
Travelers overestimate or underestimate the actual travel times they experience. Therefore, it is likely that 26 revealed preference studies may be underestimating or overestimating the value of travel time savings, and 27 value of travel time reliability as the objective travel time distributions (measured from devices) differ from 28 the subjective travel time distributions (self reported by travelers).
30
In this study, the influence of commuters' perception error is investigated by estimating random utility models 31 (i.e. econometric models) on data collected of commuters recruited from a previous research study in the * is 10% significance level, ** is 5% significance level, *** is 1% significance level See the section 4 for details on the econometric models.
